Hemoglobin-free stromata were stored overnight at 40C after being prepared essentially as described by Dodge et al.,lo with the modification that the osmolalities of the various washing buffers were monitored during the preparation with anl osmometer (Mechrolab vapor pressure osmometer), rather than estimated by calculation. The recovery and number of stromata were determined with the particle counter.
Vertical starch gel electrophoresis and staining of 6-PGD were accomplished according to Bowman et al.9 except that Electrostarch (Electrostarch Co., Madison, Wisconsin) (52.5 gm/500 ml of Tris borate buffer) was used in the preparation of the gel. Ascending paper chromatography was performed as described by Zatman et al." Inorganic phosphorus was measured according to the method of Sumner.12 For pentose determination the method of Ashwell" as modified by Kellermeyer et al. ' 4 was used. Adenosine was estimated spectrophotometrically at 260 mu using a molar extinction coefficient of 1.54 X 104. 15 The NAD(P)ase activity of hemoglobin-free stromata was assayed with the KCN method of Colowick et al.'" The units are expressed as Moles of NADP split per hour per 109 stromata. The system contained 2.5 X 109 stromata per ml and NADP at a concentration of 7.7 X 10-4M. (All preparations showing NADPase activity used in this investigation also had NADase activity approximately twice that of the NADPase.
To our knowledge, these activities have not been separated biochemically, but there is indirect evidence suggesting that these may be two enzymes.'7 Good agreement was obtained by this method with the results obtained by enzymatic assay with glucose-6-phosphate dehydrogenase (Sigma Chemical Co.) for NADP, and alcohol dehydrogenase (Sigma) for NAD.)
Experimental and Results.-Stromal effect on 6-PGD was obtained by incubating hemoglobin-free stromata and NADP with dialyzed hemolysate or purified 6-PGD at 450C for two hours unless otherwise specified. The complete systems contained a final count of 2 X 109 stromata/ml and a final concentration of 1 X 10-4 M NADP. The stromata were then removed by centrifugation, and aliquots of the supernatant were taken for assay of the 6-PGD activity and for starch gel electrophoresis. The effects on the electrophoretic pattern are presented in Figure 1 Since both NADP and stromata were specifically required to induce this effect,7 and stromata contain NAD(P)ase,4 17,15 the possible relationship of stromal effect to NAD(P)ase was examined and three correlations were studied:
(1) Correlation with intrinsic NAD(P)ase activity of stromata: We have confirmed the relative deficiency of NADase in stromata of the blood of newborns,19 and have shown that they are also relatively deficient in NADPase activity. In addition, stromata of the blood from three adult subjects exhibited low NAD(P)ase activities (about 25% of the normal). Hemoglobin-free stromata of low NAD(P)ase activity, when incubated with stroma-free hemolysate in the The incubation mixtures contained stroma-free hemolysate at a final hemoglpbin concentration of 3.75 gm/100 ml, 10-4 M NADP and (1) stromata (1.2 X 109/ml) with "low NAD(P)ase" activity (0.01 units) in sample 1; (2) stromata (0.9 X 109/ml) with "normal NAD(P)ase" activity (0.1 units) in sample 2.
The activity is expressed as moles X 10-8 ml-' min-' of reduced NADP referred to a final hemoglobin concentration of 0.105 gm/100 ml.
In parentheses are the values of 6-PGD activity as per cent of the value at zero time.
presence of NADP, showed a slow rate of inactivation of 6-PGD compared to that found with stromata of normal NAD(P)ase activity incubated with the same stroma-free hemolysate ( Table 1 ). The relative rate of change of the electrophoretic pattern was in accord with these results (Fig. 3 incubated with stromata of normal NAD(P)ase activity resulted in a normal rate of inactivation.
(2) Correlation with nicotinamide inhibition of NAD(P)ase: NAD(P)ase activity of hemoglobin-free stromata was completely inhibited by addition of nicotinamide at a final concentration of 1 X 10-1 M. The same concentration of nicotinamide completely prevented stromal effect on 6-PGD both by assay and by electrophoresis. When successively lower concentrations of nicotinamide were used (10-2 to 10' M), there was proportionately less inhibition of stromal effect on the starch gel.
(3) Correlation uwth NAD(P)asefrom a different 8ource: NAD(P)ase (50 units) from Neuro8pora crassa (Worthington Biochemical Corp.) added to stroma-free hemolysate in the presence of 10-4 M NADP induced the electrophoretic change. In addition, Neurospora 6-PGD, present in this commercial preparation of NAD(P)ase as a contaminant with different electrophoretic mobility, was also modified in the same incubation mixture.
Having established a relationship between NAD(P)ase activity and stromal effect, the two reactions were then examined consecutively. First, hemoglobinfree stromata were incubated with or without 10-4 M NADP for two hours at 450C. The stromata were then removed by centrifugation, and the supernatants, either boiled for three minutes at 1000C or not boiled, were added to dialyzed hemolysate with 10-4 M NADP and incubated at 450C for two hours. Only the supernatants collected after incubation of stromata with NADP induced the change in 6-PGD, both by assay and by electrophoresis ( Table 2 , samples 3 and 4; Fig. 4 , slots 3 and 4.) Furthermore, when aouspension of hemoglobin-free stromata and 10-4 M NADP in 0.007 M phosphate buffer (pH 7.4) was placed in a dialysis bag and the bag was suspended in dialyzed hemolysate, a stromal effect was induced on the hemolysate 6-PGD after incubation at 450C for two hours. No stroinal effect was induced when a suspension of stromata in phosphate buffer without NADP was used. 7.4 (samples 3 and 4) for 2 hr at 450C, then removed by centrifugation. The supernatants of samples 1 and 3 were boiled for 3 min at 1000C; aliquots of dialyzed hemolysate (hemoglobin concentration = 2.02 gm/100 ml), incubated for 2 hr at 450C with each of the four supernatants and with 10-1 M NADP, were tested for 6-PGD activity.
These results suggested that a heat-stable dialyzable product of the reaction of NAD(P)ase with NADP was responsible for the stromal effect on 6-PGD. To isolate the components of the NAD(P)ase reaction and study their effect on 6-PGD, NAD(P)ase (100 units) from Neurospora crassa was incubated at 450C in the presence of 10-2 M NADP. After 60 minutes, the mixture was boiled for 6-Phosphogluconic dehydrogenase activities after incubation of dialyzed hemolysate (final hemoglobin concentration 1.5 gm/100 ml) and the components of the NAD(P)ase reaction with NADP shown in Fig. 5 .: Sample 1 = nicotinamide (peak I); sample 2 = NADP (peak II); sample 3 = P-ADPR (peak III); sample 4 = P-ADPR diluted 1:10. ratio adenine: ribose: phosphorus was 1:2.25: 3.00. Since NAD(P)ase specifically cleaves NADP at the nicotinamide-ribose link,10 this finding is consistent with the assumption that the product of the third peak is P-ADPR. The material of each peak was incubated for different times at 450C with dialyzed hemolysate. Only the components of peak 3 induced a stromal effect on the 6-PGD both by assay and by electrophoresis (Table 3 , sample 3; Figure 6 , slot 3). P-ADPR was also found to be relatively specific since adenosine diphosphate J ribose, 5'-AMP, 2'-AMP, 3'-AMP, 5'-IMP, and 0 adenosine, incubated with dialyzed hemolysate, did 1 2 3 4 not induce stromal effect.
Discussion.-We had previously recognized (1) FIG. 6.-Electrophoretic that neither free nor bound NADP was necessary pattern of 6-PGD of the for catalytic stability of 6-PGD,7 (2) that NADP incubation mixtures described in Table 3 after 120 min. was nevertheless related to the structure of 6-PGD Slot numbers correspond to when stromata were present,7 and (3) that an as yet sample numbers. unknown product might be responsible for the stromal effect on 6-PGD. 6 The present data allow qualitative reconciliation of these observations as follows:
(1) NADP stromal NAD(P) ase P-ADPR (2) P-ADPR + 6-PGD -* 6-PGD mod. where 6-PGD mod. represents the structurally and functionally modified enzyme. This indirect action of NAD(P)ase on 6-PGD contrasts with the direct mechanism of inactivation of glucose-6-phosphate dehydrogenase by stromal NAD-(P)ase,4 which destroys the NADP required for stability of the enzyme.2' NADP protects G-6-PD against inactivation by NAD(P)ase, even while participating in the structural modification of 6-PGD. As might be expected, therefore, incubation of hemolysates with P-ADPR does not result in inactivation of the G-6-PD in these hemolysates. Ben-Hayyim et al.,'5 however, have recently reported competitive inhibition of some NADP-dependent systems by P-ADPR, although they did not test 6-PGD. Whether NADP itself is involved in the structure of 6-PGD is iiot known. Although the coenzyme is not required in the purification steps of Candida utilis,22 its use in starch gel electrophoresis prevents diffusion of the bands,9 and its omission has allowed the description of a new mutant.23 Further investigation of the reactions of P-ADPR with 6-PGD from various sources should be useful in elucidating the structure and genetic regulation of the enzyme. Two genetic variants of 6-PGD, Pd A-B and Pd B, although similar to 6-PGD mod. in electrophoretic pattern, differ from it in at least one biochemical parameter, i.e., pH optimum. This result suggests that the difference in electrophoretic pattern among the natural variants is the result of a mutation at a structural gene for 6-PGD and not the effect of an altered stromal NAD(P)ase activity in intact cells. Regulation of 6-PGD activity by the NAD(P)ase-NAD(P) reaction may be effective, however, in the intact anucleated red cell or in other nucleated normal (or tumor) cells, where microsomal NAD(P)ase acts on oxidized coenzymes present in the cytoplasm or released from the swelling of the mitochondria. 24 Summary.-Red cell membranes induce inactivation and change in structure of hemolysate 6-phosphogluconic dehydrogenase in vitro in the presence of NADP. NAD(P)ase, present in the red cell membranes, splits NADP, and one of the products, 2'-phosphoadenosine diphosphate ribose, modifies the structure and the activity of 6-phosphogluconic dehydrogenase. 
